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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  (If you can record images/videos using your own camera/software, then mark No)   
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___ N _____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C & D. Authors did not indicate which steps are most important for filming.
E.  Will the filming need to take place in multiple locations? (Y/N) __ Y_____ If yes, how far apart are the locations? _________________Less than 50 feet apart on the same floor__________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative: (Video editor: Use JoVE schematic diagram_V3.pptx)
The overall goal of this procedure is to isolate tumor endothelial cells using magnetic columns and cloning rings. (Intro)
This is accomplished by first digesting tumor tissue dissected from mice to generate a single cell suspension. (P1: Start with the tumor image (farthest to the left) and fade to the image of cells in a tube)
The second step is to enrich the endothelial cell population using a magnetic bead column. (P2: Have tube of cells “fly”/shrink into the top of the magnetic column, or pour tube over magnetic column.)
Next, the endothelial cell colonies are grown and selected using a cloning-ring method. (P3: Bring up cell culture plate with multiple cell types on it. Include legend, but remove “magnetic bead” label)
The final step is to expand and characterize the selected endothelial cell colonies. (P4: Fade into final cell culture plate with blue cells on it)
Ultimately, immunofluorescence microscopy using specific endothelial cell markers is used to show the purity of the clonal populations. (P5: 53072fig3highres.jpg, Figure 3C: Remove panel label “C”)
 SHAPE  \* MERGEFORMAT 



B.  Interview: (Said by you on camera. Don’t forget to smile!)
1.1. Lin Xiao: The main advantage of this technique over existing methods, like FACS sorting, is that it is gentler on the cells, which allows for greater recovery of viable endothelial cells and subsequent colony expansion.   

1.2. James McCann: This method can help answer key questions in the tumor angiogenesis field, such as how vascular endothelial cell dysfunction in tumors contributes to tumor progression.  

1.3. James McCann: Generally, individuals new to this method will struggle because endothelial cells are frequently contaminated with other cell types from the tumor microenvironment and thus one must be diligent in quickly removing these contaminating cells from the cultures.

Protocol (read by voice talent at JoVE):
2. Isolating tumors from mice
2.1. Following euthanasia, bring the mouse to a clean bench (2.1.1-WIDE-TXT) and disinfect the ventral side by spraying it with an ample amount of 75% volume-to-volume ethanol (2.1.1-MED).
2.1.1. Talent transporting euthanized mouse to the work area, TEXT: Euthanasia: CO2 asphyxiation 
2.1.2. *Film as written
2.2. Next, pin the limbs of the mouse on the dissecting board (2.2.1-CU). Using proper aseptic technique, make a midline ventral incision without opening the peritoneum (2.2.2-CU).
2.2.1. *Film as written

2.2.2. *Film as written
2.3. While keeping the peritoneum intact, dissect laterally between the skin and peritoneum towards the mammary glands where the tumors are located (2.3.1-CU).

2.3.1. *Film as written

2.4. Excise only tumor tissue from the mammary glands by carefully trimming non-tumor tissues, including skin and muscles (2.4.1-CU-TXT). Place the dissected tumors in a conical tube containing 30 ml of low glucose Dulbecco’s Modified Eagle’s medium, or LG-DMEM (2.4.2-MED).
2.4.1. *Film as written, TEXT: Leave normal mammary margins
2.4.2. *Film as written
3. Tumor dissociation and immunomagnetic separation
3.1. To begin tumor dissociation, transfer the tissue in sterile LG-DMEM to a tissue culture dish and wash 1 to 2 times with LG-DMEM (3.1.1-CU). After the washes, add 2 ml of LG-DMEM and mince the tumors with a pair of sterile scissors (3.1.2-CU-TXT). 
3.1.1. Show transfer of washed tissue.
3.1.2. *Film as written, TEXT: Break the tumor into pieces < 5 mm

3.2. Add 5 ml of collagenase, 1 ml of dispase, 75 μl of deoxyribonuclease and 2 mL of LG-DMEM to the minced tumor (3.2.1-MED-TXT).

3.2.1. *Film as written, TEXT: See text protocol for enzyme concentrations.
3.3. Transfer the collagenase/tissue mix from the petri dish to a tissue-dissociator tube (3.3.1-MED). Using a pre-set dissociation program, perform two 60 second rounds of dissociation (3.3.2-CU-TXT) (3.3.3-CU). Incubate the tube with light shaking for 75 min at 37 o C (3.3.4-MED).
3.3.1. *Film as written

3.3.2. Show tissue at the beginning of the first round and start dissociation, TEXT: See text protocol for program details 
3.3.3. Show tissue at the begging of second round and start dissociation. (Video Editor: Please try to piece together 3.3.2 and 3.3.3 across this section of VO so that the state of the tissue is shown prior to beginning dissociation for each round.)

3.3.4. *Film as written
3.4. Following incubation, filter the digested tissue through a 100 μm cell strainer positioned over a 50 ml conical tube (3.4.1-CU). Rinse the filter with 5 ml of FACS buffer to collect any remaining cells (3.4.2-MED), and centrifuge the tube at 280 times g for 5 min (3.4.3-MED).
3.4.1. *Film as written

3.4.2. *Film as written

3.4.3. *Film as written
3.5. Carefully remove the supernatant without disturbing the cell pellet (3.5.1-CU).
3.5.1. *Film as written

3.6. Next, dilute 1 ml of 10X stock red blood cell lysis buffer in 9 ml of sterile water (3.6.1-MED) and resuspend the pellet to lyse any contaminating red blood cells (3.6.2-CU-TXT). Immediately centrifuge the cells at 280 times g for 5 min (3.6.3-MED).

3.6.1. *Film as written

3.6.2. *Film as written, TEXT: Note: Skip this step if little blood is visible
3.6.3. *Film as written
3.7. Remove the supernatant and resuspend the cells in 10 ml of FACS buffer (3.7.1-MED). To begin the immunomagnetic separation, count live cells using a hemocytometer (3.7.2-MED) and dilute to 107 cells per 100 μl in FACS buffer (3.7.3-MED). Add 10 μl of FcR blocking solution per 100 μl, and incubate on ice for 10 min (3.7.4-MED).

3.7.1. Show resuspension of pellet
3.7.2. Talent looking through the microscope holding counter

3.7.3. *Film as written

3.7.4. *Film as written

3.8. After blocking, add rat-anti mouse PE-conjugated CD31 antibody to the cells, and incubate them on ice (3.8.1-MED-TXT) for 10 to 15 min with occasional agitation (3.8.2-MED).
3.8.1. Talent adding antibody and placing tube on ice, TEXT: See Table 1 for antibody volume; CD31 = Endothelial cell marker
3.8.2. Talent agitating tube once
3.9. Add 10 ml of FACS buffer to the tube and centrifuge at 280 times g for 5 min (3.9.1-MED). Carefully remove the supernatant, and wash the cell pellet with 5 ml of FACS buffer (3.9.2-CU). Centrifuge again at 280 times g for 5 min to pellet the cells and then aspirate the supernatant (3.9.3-MED-over the shoulder).

3.9.1. Only show adding buffer here

3.9.2. *Film as written

3.9.3. Only show talent putting tube/s in centrifuge here
3.10. Now, add FACS buffer and anti-PE microbeads to the cells and incubate them on ice for 10 to 15 min with occasional agitation (3.10.1-MED). Add 10 ml of FACS buffer and centrifuge the samples at 280 times g for 5 min (3.10.2-MED-over the shoulder). Wash the cells with 5 ml of FACS buffer, centrifuge, and remove the supernatant (3.10.3-MED).
3.10.1. Leave out the occasional agitation, TEXT: See Table 2 for magnetic bead volume
3.10.2. Only show talent putting tube/s in centrifuge here

3.10.3. Only show talent removing the supernatant here
3.11. After bringing the volume to 300 μl with FACS buffer, centrifuge the cells through a 35 μm cell-strainer capped tube at 280 times g for 5 min (3.11.1-MED). Aspirate the supernatant (3.11.3-CU).
3.11.1. Show talent centrifuging tube.
3.11.2. *Film as written

3.12. For magnetic separation, set up a magnetic multistand and magnetic columns in the cell culture hood (3.12.1-MED). Attach a column to the magnetic separator and then equilibrate the column with 2 ml of FACS buffer (3.12.2-CU).

3.12.1. *Film as written

3.12.2. *Film as written

3.13. Next, resuspend the cell pellet in 0.5 ml of FACS buffer and pass the cell suspension through the equilibrated magnetic column (3.13.1-MED).
3.13.1. Show column loading and dripping through column
3.14. Wash the column 3 times with 2 ml of FACS buffer, while collecting the flow-through in a 15 ml conical tube (3.14.1-MED).
3.14.1. *Film as written
3.15. Remove the column from the magnetic separator, and elute with 2 ml of FACS buffer (3.15.1-MED). Using a plunger to ensure all of the cells are removed from the column, collect the eluate in a new 15 ml conical tube (3.15.2-CU-TXT).
3.15.1. *Film as written 
3.15.2. *Film as written, TEXT: Repeat the elution 2x
3.16. Centrifuge the eluate fraction at 280 times g for 5 min and remove the supernatant (3.16.1-MED). Resuspend the cells in 10 ml of endothelial cell media (3.16.2-MED).
3.16.1. Only show removal of supernatant

3.16.2. *Film as written 
3.17. Equally divide this cell suspension into at least 4 10-cm gelatin-coated cell culture dishes (3.17.1-MED) and incubate at 37 oC and 5% CO2 for an expected confluency of approximately 1% the next day (3.17.2-MED-TXT) (3.17.3-SCOPE/LM).
3.17.1. *Film as written

3.17.2. *Film as written; TEXT: Change media every 2-3 days
3.17.3. Image showing confluency; also could be lab media supplied by the author. 

(Authors: Please provide requested media if necessary.)
4. Endothelial cell (EC) colony selection using rings
4.1. Endothelial cell colonies should start to form after 7 to 10 days and grow to 3 to 5 mm in diameter (4.1.1-SCOPE/LM-TXT). As colonies appear after 7 to 10 days, remove any non-specific surrounding cells with a sterile 200 μl pipette tip (4.1.2-SCOPE/ECU-TXT).
4.1.1. Show cells of appropriate size; can also be lab media supplied by the author; TEXT: Do not let endothelial cell colonies grow beyond day 14
4.1.2. This could be either a scope or ECU shot.
4.2. Once the colonies have grown to the correct size, view the dishes using a phase-contrast microscope at 4X or 10X magnification (4.2.1-MED) and outline individual colonies on the bottom of the culture dish using a fine-tip marker (4.2.2-SCOPE).
4.2.1. Talent placing dish on microscope and focusing
4.2.2. This could be either a scope or ECU shot.
4.3. Wash the plate with 10 ml of PBS and aspirate, leaving a small amount of PBS to keep the cells moist (4.3.1-CU).
4.3.1. Show talent aspirating the wash and leaving a little PBS behind.
4.4. Using a pair of dissecting forceps, pick up a cloning ring and pipette approximately 0.5 μl of tissue adhesive to the bottom (4.4.1-CU). Spread the tissue adhesive around the bottom of the cloning ring evenly with a 10 μl pipette tip. Place the cloning ring over the endothelial cell colony, using the marks as a guide (4.4.2-CU). Gently press down on the cloning ring to glue the ring onto the plate (4.4.3-CU).
4.4.1. *Film as written

4.4.2. *Film as written

4.4.3. *Film as written

4.5. Next, pipette 25 μl of enzymatic cell detachment solution into the cloning ring (4.5.1-CU) and incubate for approximately 1 min or until the cells are loosely attached (4.5.2-MED).

4.5.1. *Film as written

4.5.2. *Film as written

4.6. Pipette the cells from each cloning ring into one well of a 6-well plate (4.6.1-CU). Wash the ring with 50 μl of endothelial cell media to collect the remaining cells and transfer them to the same well in the 6-well plate (4.6.2-CU).

4.6.1. *Film as written

4.6.2. *Film as written

4.7. Grow isolated colonies in the 6-well plate until they reach 80 to 100% confluency before transferring the cells to a new dish (4.7.1-MED).

4.7.1. Only show transfer to new plate
5. Results: Isolation of Pure Tumor Endothelial Cell Populations
5.1. Immunomagnetic endothelial cell isolation alone often results in culture contamination with non-endothelial cells (5.1.1-LM). Here, endothelial cells specifically stained with Dil-Ac-LDL can be seen co-mingling with unstained, non-endothelial cells (5.1.2-LM).
5.1.1. 53072fig2.jpg, Figure 2A: Remove panel label “A”. 
5.1.2. 53072fig2.jpg, Figure 2A: Remove panel label “A”. Highlight or add text of “EC” at mention of “endothelial cells” in second sentence and highlight or add text of “Contaminating cells” at mention of “unstained, non-endothelial.”
5.2. After using clonal rings for colony selection, even cell populations that have been expanded show uniform Dil-Ac-LDL staining, indicating that they are pure endothelial cell populations (5.2.1-LM).
5.2.1. 53072fig2.jpg, Figure 2B: only show “expanded” panels
5.3. Comparing three separately isolated colonies, distinct, uniform CD31 positive populations are apparent (5.3.1-LM). CD31 is an endothelial cell marker, while IgG serves as an isotype, negative control for non-specific antibody binding (5.3.2-LM).
5.3.1. 53072fig3highres.jpg, Figure 3A and 3C: Remove panel labels “A” and “C”. Use panel C as an inset. 
5.4. 53072fig3highres.jpg, Figure 3A: Remove panel label “A”. Fade out panel C. Highlight the red dots in the graphs of panel A when “endothelial cell marker” is spoken. Highlight the blue dots in the graphs of panel A when “negative control” is spoken.
5.5. These cell populations also exhibited increased expression of endothelial cell marker genes between 200 to 7,000 times higher than mouse embryonic fibroblast controls (5.4.1-LM).
5.5.1. 53072fig3highres.jpg, Figure 3B: Remove panel label “B”. Only show Cd31, Cdh5, Cd133, and Vegfr2 panels. Highlight graph titles (Cd31, Cdh5, etc.) when VO reads “endothelial cell marker genes”. Highlight scale on y-axis when VO reads “200 to 7000 times”. Highlight “MEFs” column in each condition when VO reads “mouse embryonic fibroblast”
5.6. Finally, isolated normal or tumor endothelial cells retain endothelial cell function as evidenced by spontaneous vessel-like structure formation in culture (5.5.1-LM).
5.6.1. 53072fig3highres.jpg, Figure 3D: Remove panel label “D”.
6. Conclusion (said by authors on camera)
6.1. James McCann: After watching this video, you should have a good understanding of how to perform a high fidelity isolation of tumor specific endothelial cells using immunomagnetic enrichment coupled with colony selection and in vitro expansion.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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